The conductance, and the decay of conductance, as a function of molecular length within a homologous series of oligoynes, Me 3 Si-(CC) n -SiMe 3 (n = 2, 3, 4, 5) is shown to depend strongly on the solvent medium. Single molecule junction conductance measurements have been made with the I(s) method for each member of the series Me 3 Si-(CC) n -SiMe 3 (n = 2, 3, 4 and 5) in mesitylene (MES), 1,2,4-trichlorobenzene (TCB) and propylene carbonate (PC).
INTRODUCTION
Oligoynes hold particular interest in molecular electronics as the ultimate one-dimensional molecular wires formed from simple linear strings of sp-hybridized carbon atoms. [1] [2] [3] [4] [5] [6] In contrast to an infinite one-dimensional carbon string, oligoynes are terminated at either end by protons (H), organic, inorganic or organometallic moieties, and can be represented by the general formula R-(C≡C) n -R. The terminating groups, R, can be chosen to aid the formation of metal-molecule-metal junctions, with examples including pyridyl, cyano, dihydrobenzo [b] thienyl and other anchoring groups. 3, 4, 7, 8 Oligoynes feature extensive electron delocalization along the sp-hybridized carbon backbone, with appreciable bond length alternation evidenced in structural studies. 9 The presence of delocalized states makes oligoynes attractive targets for both theoretical and experimental studies of ultra-thin wires for molecular electronics. Single molecule wires of oligoynes have been experimentally investigated up to octa-1,3,5,7-tetraynes (n = 4), 3, 4 while theoretical evaluations have been made for hypothetical infinitely long chains as well as finite chains. 1 However, it would be wrong to assume that oligoynes offer rigid-rod linear geometries; on the contrary they can be considerably curved and flexible offering a surprising low bending force. 9 Nevertheless, this structural flexibility does not detract from the impressive electronic properties of oligoynes, which offer considerable interest for their electronic, opto-electronic and electrical charge transport properties. 10 Despite their apparent chemical simplicity it is a challenge to synthesize long carbon chains due to potential instability of R-(C≡C) x -H intermediates and also instability of the longer oligoyne products for certain, particularly small, R groups. This issue was circumvented by
Bohlmann who introduced bulky tertiary butyl ( t Bu) end groups in an n = 7 oligomer ( t Bu-(C≡C) 7 t Bu), 11 and then also by Johnson and Walton, who extended the chain to t Bu-(C≡C) 12 t Bu. 12 It has also been shown that in addition to a wide range of other bulky organic capping groups, cyano, aryl or organometallic terminal groups can stabilize oligoyne chains. 13 A recent approach to oligoyne stabilization has been "insulation" of the oligoyne by threading through the cavity of a macrocycle, to give a rotaxane. [14] [15] [16] [17] Metal centers have also been widely used as stabilizing end-caps to give complexes with the stoichiometry,
[{L m M}{μ-(C≡C) n }{ML m }] x+ , which have provided interesting test-beds for examination of their electronic, physical and chemical properties as a function of metal oxidation state. 18 In particular, electronic and vibrational spectroscopies of complexes of this type, coupled with detailed computational investigations, have enabled electronic structures of the all-carbon chain bridged complexes to be assessed. 19 More direct assessment of the electrical properties of oligoynes can be achieved by wiring them into electrical junctions with metal contacts.
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Here we report conductance measurements of novel molecular wires Me 3 Si-(C≡C) n -SiMe 3 (n = 2, 3, 4, 5; Scheme 1), using STM-based techniques. In particular the influence of the solvent on conductance and -values has been investigated, and complemented by DFT computations of charge transport through the molecular bridge. Using density functional theory (DFT) calculations, changes in the conductance and β values in response to the solvent medium are explained by shifts in the Fermi energy of the contact, which impacts on both the transmission coefficient of the systems and the -value.
Scheme 1:
The molecules studied in this work
EXPERIMENTAL AND THEORETICAL METHODS

General details.
All reactions were carried out in oven-dried glassware under oxygen-free argon atmosphere. A 250 mL two-necked round-bottomed flask was charged with 1,6-bis(trimethylsilyl)hexa- Electrical measurements were performed using an STM and the I(s) method [27] [28] [29] V were employed to ensure that the STM tip initially approached the surface to distances much shorter than the molecular length to promote molecular junction formation. The voltage to length conversion factor of the STM was calibrated using images of Au(111) monatomic steps (0.235 nm height).
Theoretical Details
Computational Methods
The DFT-Landauer approach used in the modelling assumes that on the timescale taken by an electron to traverse the molecule, inelastic scattering is negligible. This is known to be an accurate assumption for molecules up to several nm in length. 31 Geometrical optimizations were carried out using the DFT code SIESTA, with a generalized gradient approximation 32, 33 (PBE functional), double-zeta polarized basis set, 0.01 eV/A force tolerance and 250 Ry mesh cutoff. All molecules in this study were initially geometrically relaxed in isolation to yield the geometries presented in the results section.
For each structure, the transmission coefficient T(E) describing the propagation of electrons of energy E from the left to the right electrode was calculated by first obtaining the corresponding Hamiltonian and overlap matrices using SIESTA, and then using the GOLLUM code 34 to compute T(E) via the relation
In this expression, ( 
RESULTS AND DISCUSSION
The family of trimethylsilyl end-capped oligoynes Me 3 Si-(CC) n -SiMe 3 (n = 2 -5) were chosen as the platform upon which to base the investigations of molecular conductance and groups have shown a single low conductance peak in conductance histograms, which has been attributed to its steric bulk, which limits the range of conductive junction configurations. 43, 44 The resulting narrow and sharp conductance peaks allow us to measure the shift of the conductance values with greater certainty. Also in the case of other more polar surface contacting groups, such as thiols, solvation of the contacting group has been proposed to have a major effect on conductance. 45 Furthermore, it is expected that the relatively large footprint of the TMS linker will inhibit stacking and close approach of neighboring molecules. This is an important consideration as for certain classes of -conjugated molecules, for instance oligo(phenylene)ethynylene (OPE) derivatives, it has been shown that proximal molecular bridges can -stack in molecular electrical junctions and can, on occasions, give rise to additional complications in the conductance signatures of such compounds.
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The single molecule conductance of the oligoynes 2 -5 was explored in each of three organic solvents of differing polarity, namely mesitylene (MES), trichlorobenzene (TCB) and propylene carbonate (PC). Mesitylene is a non-polar solvent with zero dipole moment and it is commonly used in STM based single molecule electrical measurements because of its high boiling point and relatively low vapor pressure. [47] [48] [49] TCB is also frequently used in STM based single molecule electrical measurements and like mesitylene it is a high boiling point and low vapor pressure organic solvent. However, it is a slightly polar solvent with a dipole moment of 1.35 D. 50 By contrast, propylene carbonate (PC) is a strongly dipolar solvent with a dipole moment of 4.9 D. Figure 1 shows conductance histograms for 2-5 recorded in propylene carbonate which had been degassed with argon. These measurements required a preliminary study to check the effect of the propylene carbonate on the gold surface and, due to the polarity of this solvent, check the capacitive and faradaic background currents 16 (see Supplementary Figures S4-S8 ).
As can be seen from Figure 1 the conductance values decrease with the molecular length and the break-off distance histogram distributions shift to longer distance along the series. The diyne 2 (n = 2) shows a mean break-off distance of 1.3 nm and this increases to 2.0 nm for the pentayne (n = 5). Using the Si…Si distances computed from molecular modelling and a silicon to gold contact distance of 0.31 nm, also estimated from molecular modelling, gives a theoretical Au-to-Au junction separation of 1.4 nm for 2 and 2.1 nm for 5. Figure 2 shows data recorded in a similar manner in TCB, while Figure 3 shows data recorded in mesitylene. The single molecule conductance data are summarized in Table 1 and Table S1 of the supporting information. A plot of ln(conductance) versus junction length is given in Figure 4 .
The conductance values are larger in TCB and PC than those obtained in mesitylene 
Quantum Chemical Modelling
To gain a deeper insight into the role of the solvent medium and molecular length on molecular conductance, we turned to computational modeling. Before computing transport properties, all molecules were initially geometrically relaxed in isolation to yield the geometries shown in To explore how the solvent medium (MES, TCB or PC) affects the conductance of these molecules, six molecules of each solvent were initially placed at a nearest distance χ from the oligoyne backbone within the model junction ( Figure 6 ). In each simulation the molecule plus solvent molecules together with a few layers of gold at each pyramidal electrode were allowed to relax. These simulations were carried out with seven different initial distances χ for each solvent as shown in Figure 7 , resulting in seven different relaxed geometries. The relaxed structures are shown in Figure 8 for the three different solvents. Before calculating the transport properties of these structures, the binding energies were computed for the contact formed between the gold cluster and the TMS terminal groups for each of the different optimized distances, χ. Two points are noteworthy from the binding energy plots of Figure 7 . First, for the junctions modeled in Figure 7 with compound 3 by way of an example, the optimized distance at which the contact binding energy reaches its To investigate the electronic properties of these molecules in three different environments, we used the SIESTA code, which employs norm-conserving pseudopotentials and linear combination of atomic orbitals (LCAO) to span the valence states. All systems were initially placed between two pyramidal gold electrodes, and then the oligoyne molecule plus solvent molecules and a few layers of gold were allowed to relax to yield the structures. Then to calculate the transmission coefficient T(E) using the GOLLUM code, the resulting configurations were connected to bulk gold electrodes grown along the (111) direction as shown in Figure 8 and described in detail elsewhere 34 . Table 1 summarize and compare the experimental and theoretical conductance values versus the number of carbon-carbon triple bonds (n). We note here that for both experimental and computational data sets the conductance of the structures with PC and TCB is higher than that with MES. 56 This was attributed to water molecules directly interacting with the thiophene molecular rings and thereby shifting transport resonances with the effect of greatly increasing conductance. Water dependence has also been seen in perylene tetracarboxylic diimides (PCTDI)-containing molecular bridges, with the measured conductance being temperature dependent in aqueous solvent, but temperature independent in toluene. 57 In a theoretical study of this system the water and temperature dependence was modelled through thermal effects on the hydrogen bonding network interacting primarily with the carbonyl moieties on PCTDI. 58 Other models have considered the effect of the solvent on the gold contact work function. In such a study Fatemi et al. experimentally determined that solvents could increase the conductance of 1,4-benzenediamine (BDA)-gold molecular junctions by up to 50 %. 59 This was attributed to shifts in the gold contact Fermi energies resulting from solvent binding, leading to better alignment to the HOMO of BDA and hence higher conductance. These studies collectively
show the complexity of solvent effects in molecular junctions, which have, depending on the system, been modelled through electrostatic interactions between the solvent and molecular bridges, chemical bonding between the solvent and molecular bridge, or through solvent binding to gold contact atoms. Our present study demonstrates that longer range solventmolecular bridge interactions alone can describe the experimentally observed solvent effects on oligoyne junction conductance. Our study also rationalizes the previously unexpected differences observed between different studies of oligoyne molecular conductance, 3,4 which can be now attributed to solvent effects.
CONCLUSION
In conclusion, we have demonstrated that changing the solvent can lead to changes in both the conductance and the attenuation factor of oligoyne molecular bridges. DFT computations show that both the molecular junction conductance and the attenuation factors depend in a very sensitive manner on the position of the contact Fermi energies within in the HOMO-LUMO gap. These results show that the solvent environment is an important variable to consider in interpreting conductance measurements, and that the environment can give rise to dramatic changes in both conductance and attenuation factors. This material is available free of charge via the Internet at http://pubs.acs.org.
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